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Introduction
Cerebral Palsy (CP) is a non-progressive, neurodevelopmental condition defined as 'a group of permanent disorders of the development of movement and posture, causing activity limitation that are attributed to non-progressive disturbances that occurred in the developing foetal or infant brain' [1] . It is the most common form of childhood physical disability, with an incidence of 1.5 to 3.8 per 1000 births reported worldwide [2] . CP is a life-long condition and the transition into adolescence and adulthood is often accompanied by a decline in physical function [3] , which may be associated with reduced participation in physical activity (PA). Children and adolescents with CP participate in less PA and spend more time in sedentary behaviour compared to their typically developing peers [4, 5] . Given recent evidence of the increased prevalence of non-communicable diseases (NCDs), such as stroke and ischaemic heart disease, among people with CP, [6, 7] monitoring PA levels among people with CP is paramount. Despite the importance of promoting PA, as a potential modifiable risk factor for the prevention of NCDs and functional decline over time, there is a paucity of validated selfreport measures of PA among young people with CP.
Self-reported measures of PA include questionnaires, activity diaries, logs and interviews. Many of these subjective measures are used as population screening tools as they are relatively cheap and easy to administer. In an effort to improve consistency in the monitoring of PA using self-report measures, a number of standardised PA questionnaires have been developed and validated in a range of participant cohorts. These include the Bouchard 3-day Physical Activity Record [8], the Minnesota Leisure-time Physical Activity Questionnaire [9] and the International Physical Activity Questionnaire (IPAQ) [10] . These PA questionnaires ask individuals to recall the PA they have engaged in over a set time frame, ranging from periods of 3 days [8] to 1 year [9] .
The International Physical Activity Questionnaire short-form (IPAQ-SF) is one of the most widely used self-report questionnaires to assess PA. It consists of seven questions to capture average daily time spent sitting, walking, and engaging in moderate and vigorous PA over the last seven days. Developed by an International Consensus Group in 1998, the test-retest reliability, and concurrent and criterion validity, of the IPAQ were examined across 12 countries, among people aged 16-69 years of age [10] . However, less is known about its validity in younger adolescents and it has not been validated for use in people with CP. The most recent systematic review to examine the validity of the IPAQ-SF included 23 studies, of which only 2 studies included people with a mean age of less than 18 years [11] . The review concluded that, based on weak correlations between the IPAQ and measures of objective PA (e.g. accelerometry), the IPAQ was not a valid measure of PA. Since the publication of this review, two studies have examined the validity of the IPAQ-SF in younger populations. However, these studies were carried out in healthy pre-pubertal boys [12] and young people with juvenile dermatomyositis and juvenile systematic lupus erythematosus [13] , respectively. Both studies demonstrated that the IPAQ-SF was not a valid measure of assessing moderate-to-vigorous PA (MVPA) at an individual level. While the IPAQ-SF is widely used and may present as a feasible method of assessing PA in young people with CP, evidence of its validity in this population is required. The aim of this study was therefore to examine the validity of the IPAQ-SF as a measure of PA in young people with CP. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement checklist guided the reporting of this study. [14] Methods
Design & Participants
This study was nested within a randomised controlled trial (RCT) examining the feasibility, acceptability and efficacy of resistance training for adolescents with cerebral palsy. The recruitment and selection criteria have already been previously reported elsewhere. [15] The data for this study was collected as part of the routine assessments of this larger RCT. Ambulatory young people with CP were invited to take part in this study. Adolescents with CP were recruited from 8 National Health Service (NHS) trusts in England, a special education needs school, a university, a primary care organisation, national organisations for people with disabilities and through word of mouth. Informed written consent was obtained from participants aged 16 years and older, and informed written assent was obtained from participants less than 16 years, prior to participation in the study. For participants less than 16 years, parental/guardian written consent was also obtained. Inclusion criteria were: (1) spastic CP aged 10-19 years; (2) the ability to walk independently with or without a mobility aid (i.e., Gross Motor Function Classification System [GMFCS] levels I-III) and (3) the ability to activate the ankle plantarflexors (a criteria relating to inclusion in the RCT). Exclusion criteria were: (1) orthopaedic surgery of the lower extremities in the past 12 months; (2) botulinum toxin type A injections in the past 6 months; (3) serial casting in the past 6 months and (4) insufficient cognitive understanding to comply with the assessment procedures.
Testing Procedures
Participants and/or their parents completed a demographic questionnaire providing information on age, gender, and GMFCS level. Parent reported GMFCS level was reviewed and verified by retrospective video analysis of participants by two physiotherapists (WL, JR). Participants' body mass was measured to the nearest 0.1 kg using either a standing (SECA, Hamburg, Germany) or seated (Marsden, Rotherham, UK) scales, depending on the participants' ambulatory status. Height was also recorded to the 0.1 cm using a Leicester portable height measure (Marsden, Rotherham, UK).
The IPAQ-SF was self-administered to all participants using the standardised instructions accompanying the IPAQ. Assistance was provided by the researcher to read the questions if required. Further, the young person was allowed to ask their parent/guardian or researcher for assistance to answer the questions if required. Data were largely cleaned according to the IPAQ scoring protocol [16] , with the exception of the guidance relating to the normalisation of the distribution of levels of activity [10] as follows: 1) high values were not truncated to 4 hours; 2) outliers were not excluded without a valid reason; 3) reported durations of less than 10 minutes were not removed. If applied, these guidelines would have changed the original responses given by participants, which was deemed inappropriate given that the aim of the study was to validate self-reported PA as measured by the IPAQ-SF. : Data from the moderate and vigorous activity domains were summed to generate a MVPA variable. Finally, total PA (TPA) was calculated by summing time spent walking and in MVPA, in accordance with the scoring protocol. [16] Participants were asked to wear a wGT3X-BT triaxial accelerometer (ActiGraph, Pensacola, FL) for 7 days to objectively assess PA. This accelerometer was chosen as it has shown to be a reliable and valid measure of habitual physical activity in ambulant children and adolescents with CP. [17, 18] The monitor was worn on the waist above the right hip or least affected side in the case of significant asymmetry, in the mid axillary line. Standardised written and verbal instructions were provided to participants during their assessment. The monitor was worn during waking hours and data were collected at a sampling rate of 30Hz. Participants were asked to remove the monitor during periods of sleeping, bathing or swimming, and to note the time it was put on and taken off each day in an activity log.
Data was exported from the device in 15 s epochs using ActiLife software, Version 16.3.3 (ActiGraph, Pensacola, FL). Participants with at least two days of monitoring were included in the final analysis, as two days of data is necessary to achieve a reliability coefficient of 0.70 for adolescents with CP.
[17]Furthermore, a valid day was classified as at least 8 hours of wear time.
[17] Participants not meeting these criteria were removed from the analysis. An algorithm developed by Choi et al. [19] was applied to identify periods when the monitor was not worn (i.e. non-wear time). Nonwear time was defined as a period ≥ 90 minutes of no movement with a spike tolerance of 2 minutes (i.e ≥ 90 consecutive 0's, until more than 2 minutes of non-zeros are detected). Where available, activity logs were used to verify non-wear time. Non wear-time was removed before analysing the data.
The wGT3X-BT accelerometer generates a variable output voltage signal, proportional to acceleration in three orthogonal planes (vertical, anteroposterior and mediolateral), which are converted to vector magnitude activity counts that are then stored on the device. PA was classified time spent in sedentary behaviour, light physical activity (LPA) and MVPA, using previously validated cut-points for adolescents with CP [18]. For people in GMFCS level I, II and III, sedentary behaviour was <72 counts per 15s. For people in GMFCS level I LPA was 72-723 counts per 15s, and MVPA was ≥724 counts per 15s. For people in GMFCS level II, LPA was 72-684 counts per 15s, and MVPA was ≥685 counts per 15s. For people in GMFCS level III, LPA was 72-668 counts per 15s, and MVPA was ≥669 counts per 15s. The average time spent at each PA intensity (sedentary behaviour, LPA and MVPA) per day was calculated by dividing total time in each intensity by the number of days on which the accelerometer was worn. TPA was calculated by summing time in LPA and MVPA.
Data analysis
The distribution of data was examined using histograms, Q-Q plots and cross-tabulations. Descriptive statistics were used to report participant characteristics and PA data. As wear time for the accelerometer and MVPA and TPA recorded by the IPAQ were not normally distributed, medians, interquartile ranges and ranges were reported. Means, standard deviations and ranges were reported for accelerometer data and for sedentary time data from the IPAQ-SF, as they were normally distributed. There was no evidence that the difference between accelerometer and IPAQ-SF measured PA variables was not normally distributed, and therefore the mean differences and associated 95% confidence intervals are presented. Bland-Altman plots were plotted [20] and 95% limits of agreement (LOA) were calculated to evaluate agreement between accelerometer and IPAQ-SF measured PA variables. Finally, a multivariable linear regression model was fitted to examine if age, gender or GMFCS level were associated with the difference between self-reported and objectively measured PA. Scatter plots of residuals against fitted values, and histograms and Q-Q plots of residuals were used to examine if the assumptions of linear regression were met. There was no evidence that assumptions were not met for regression models.
Results
Sixty-four young people participated in this study. Of these, four did not have valid accelerometer data, one person did not complete the IPAQ-SF, and a further person was missing both accelerometer and IPAQ-SF data. Fifty-eight people were included in the analysis. Descriptive characteristics are presented in Table 1 . Some participants did not provide answers for all questions on the IPAQ-SF; 55 participants reported sitting time and walking time, respectively, and 56 reported MVPA. Tables 2 and 3 report the average daily minutes spent in each PA domain from the accelerometer and the IPAQ-SF, respectively. Figure 1) . LOA for sedentary behaviour were -223 to 489 min. 
Discussion:
This is the first study to examine the validity of the IPAQ-SF in young people with CP. While young people with CP self-reported less time in sedentary behaviour, they also underestimated the time spent in TPA when compared to objective PA data. The mean of the difference between time in self-reported and objectively-measured MVPA was small. However, agreement between the IPAQ-SF and accelerometer was poor, with LOA suggesting that, at an individual level, MVPA may be underestimated by 149 min or overestimated by 147 min when assessed with the IPAQ-SF. After adjusting for gender and GMFCS level, age was a predictor of the difference between measures. However, there was no evidence that gender was an independent predictor of the difference between measures, and very weak evidence that GMFCS level was a predictor, after adjusting for age and gender.
The results of this study are unsurprising given evidence from previous studies that self-report tools provide imprecise information on PA [21] . A review of 130 PA questionnaires from 96 different studies determined that median validity coefficients ranged from as low as 0.25-0.41 for newly devised questionnaires [22] . The most recent review of the validity of the IPAQ-SF included 23 studies and found that the IPAQ-SF overestimated PA by, on average, 84%, when compared to an objective criterion. In this same review Lee et al. [11] found that the correlations between the IPAQ-SF and criterion measures for TPA were very weak (ranging from 0.09-0.39).
Overall, the IPAQ-SF was not a valid measure of TPA when compared to accelerometry in this sample of young people with CP. This agrees with previous studies of the IPAQ-SF in Chinese [23], Norwegian [24], Vietnamese [25] and Estonian [12] adolescents with typical development, which reported poor validity of the IPAQ-SF. We only found one study that examined the validity of the IPAQ-SF in a "clinical" population of adolescents [13] , which found weak correlations (r = 0.03 -0.33) between the IPAQ-SF and accelerometry data in young people with rheumatic conditions. Similar to the findings in young people with CP, the IPAQ-SF highly underestimated sedentary time in people with juvenile dermatomyositis and juvenile systematic lupus erythematosus (mean bias 106 and 36 mins, respectively).
Although the mean differences for MVPA was small, there was poor agreement between measures in young people with CP, suggesting that it is not an appropriate measure of an individual's MVPA activity levels.. This is supported by highly variable mean bias (-59 to 90 min) of MVPA found in a previous study, between IPAQ-SF and accelerometry in those with rheumatic conditions [13] . Likewise, Raask et al. [12] , also concluded that the IPAQ-SF should not be used as an individual-level estimate of MVPA in healthy male adolescents.
It is interesting to note that although young people with CP underestimated their self-reported time spent in sedentary activity and therefore were more sedentary than perceived, TPA was also underestimated, using the IPAQ-SF. This emphasises that the IPAQ-SF is neither a valid measure of sedentary time nor of total physical activity. Conscious and/or unconscious under reporting of activity performed, or a failure to recall PA or time spent sedentary accurately (i.e. recall bias) may be provided as rationale for the observed findings. However the findings of poor agreement between measures may also be attributed to the wording of the IPAQ-SF. Erroneous interpretation of some questions and duplicity of entries across domains for the same single bout of activity performed may be a source of error. The IPAQ-SF asks individuals to separate walking time and moderate activity. However, it is likely that some individuals achieve moderate intensity activity through walking, which may be particularly true for people with CP [26]. This concern has also been cited by others researchers, who argue separating walking and moderate activity leads to confusion for the reader [27] . In addition to the unavoidable recall bias inherent with PA questionnaires, the examples given on the IPAQ-SF for each PA domain may also contribute to the significant differences observed. For example, moderate activity examples include carrying light loads, bicycling at a regular pace, or doubles tennis. These examples may also be misleading for the age group studied if they do not engage in these activities.
It is also interesting to note that there was strong evidence that age was associated with the difference in MVPA and TPA between measures, after adjusting for gender and GMFCS level. It may be suggested that perhaps older participants are more capable of estimating TPA or potentially have reduced recall bias, but not necessarily able to differentiate between walking and MVPA. Additionally, older participants may be more cognisant of the level of MVPA that they should be engaged in, and therefore are more likely to overestimate the time they have spent in MVPA when completing the IPAQ-SF. Another point to note is that the aim of the IPAQ-SF is to measure activity bouts of 10 min or longer, as is reflected in the wording of the questions; while an accelerometer will collect data of any duration and indicate a corresponding intensity level. This is another partial explanation for the discrepancies between the readings between measures.
A major strength of this study is the inclusion of a previously validated accelerometer for young people with CP, which was used as the objective comparison measure. However, it must also be noted that there are limitations when using and analysing accelerometer data. A major drawback of such devices is their inability to capture the metabolic cost associated with standing, static work, upper body movements and vertical lifting [28] . It is also not an accurate measure of complex movements e.g. cycling. Upper body movement is often underestimated as the device is worn at hip level and the device cannot be worn for water-based activities. The latter two limitations are particularly noteworthy given that some of the participants in this study use a wheelchair on occasion to mobilise and that swimming is often the preferred sport of choice for people with CP. Further, while the actigraph has been used as the criterion measure of PA in this study, it is not considered a gold standard measure of PA. However, gold standard measures of PA (e.g. doubly labelled water, indirect calorimetry) were not feasible to use to measure habitual PA over 7 days in this study.
While the results of this study provide an insight on age, gender and GMFCS level as predictors of the magnitude of the difference between the two measures it is acknowledged that other factors (e.g. sociodemographic and environmental factors) which we have not examined, may have an influence and should be considered in future studies.
Conclusion:
In conclusion, the findings of this study suggest that the IPAQ-SF is not a valid method of measuring TPA or sedentary behaviour in young people with CP. While the mean differences were small between measures for MVPA poor agreement was demonstrated, indicating that the IPAQ is not appropriate for use when assessing an individual's time in MVPA. Therefore, where feasible, an objective measure of PA should be used. Future research should focus on the development of a valid measure of self-report PA for use in adolescents with CP, given the importance of promoting PA in this population. However, it may be unrealistic to expect any self-report measure to provide an accurate indication of an individual's time spent in MVPA or sedentary time; it may be more appropriate to use self-report measures to obtain a summary of an individual's overall activity status.
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